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Transgenic Flash Mice for In Vivo Quantitative
Monitoring of Canonical Wnt Signaling to Track Hair
Follicle Cycle Dynamics
Samantha S. Hodgson1, Zoltan Neufeld2, Rehan M. Villani3, Edwige Roy1 and Kiarash Khosrotehrani1,3
Hair follicles (HFs) upon development enter a lifelong cycle of growth, regression, and resting. These phases have
been extensively studied at the cellular and molecular levels for individual HFs. However, HFs group into
domains with coordinated cycling strongly influenced by their environment. These macroscopic hair domains
have been difficult to study and can be influenced by physiological or pathological conditions, such as pregnancy
or skin wounds. To robustly address this issue, we generated a mouse model for quantitative monitoring of b-
catenin activity reflecting HF cycle dynamics macroscopically by using live bioluminescence imaging. These mice
allowed live tracking of HF cycles and development, and highlighted hair regenerative patterns known to occur
through macro-environmental cues, including initiation events, propagating anagen and border stability, and
allowed refinement of a mechanistic mathematical model that integrates epidermal cell population dynamics into
an excitable reaction-diffusion model. HF cycling could be studied in situations of pregnancy, wound healing,
hair plucking, as well as in response to cyclosporine or Wnt3a stimulation. In conclusion, we developed a model
for analysis of HF cycling at the macroscopic level that will allow refined analysis of hair cycle kinetics as well as
its propagation dynamics.
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INTRODUCTION
Hair follicles (HFs) represent one of the distinctive features in
mammalians. They are also a frequent cause of medical
consultation in humans and represent a common problem in
the clinic. Indeed, hair loss affectsB60 million men, women,
and children in the US alone, representing an estimated $1.3
billion burden per year. Rapid progress in understanding of HF
biology and preclinical trials of drugs has been hindered by
the lack of appropriate and easy-to-use models. Despite some
successes, HF biology is not ideally studied in vitro given its
complexity. Indeed, HFs cycle through anagen (growth),
catagen (regression), and telogen (resting) stages (Taylor
et al., 2000; Oshima et al., 2001; Panteleyev et al., 2001;
Tumbar et al., 2004; Greco et al., 2009). Accurate and
quantitative measurement of HF modifiers currently relies on
evaluation of skin pigmentation or histology that requires large
numbers of animals and is not quantitative (Muller-Rover
et al., 2001). Besides, tracking these pigmentation changes in
the skin, despite being the most common method for moni-
toring changes in hair cycle and growth, is only an indirect
reflection of this phenomenon as it relies on melanocytes.
A complex situation affecting hair biology in women is
pregnancy. In mice, HFs have been reported to enter a
prolonged telogen during pregnancy or lactation resulting in
the resetting of the hair cycle after the postpartum period. This
is in sharp contrast to findings in human scalp where
pregnancy results in increased proportions of anagen HFs.
The simultaneous entry into telogen during the postpartum
period of this large number of HFs results in alopecia
diagnosed as telogen effluvium (Lynfield, 1960; Wilkin
et al., 1983; Gizlenti and Ekmekci, 2013). Although many
have shown the direct influence of externally delivered sex
hormones on the hair cycle (Johnson, 1958; Craven et al.,
2006), direct evidence of this phenomenon during pregnancy
in mice is sparse and relies on models that have best explored
telogen entry (Plikus and Chuong, 2008). It is therefore critical
to revisit the murine findings to better understand the
molecular cues involved.
Canonical Wnt/b-catenin signaling is the key pathway
involved in both morphogenesis and cycling of HFs (Wodarz
and Nusse, 1998). Numerous studies have revealed the
importance of Wnt signaling and LEF-1 in HF organogenesis
(van Genderen et al., 1994; DasGupta and Fuchs, 1999;
Huelsken et al., 2001; Andl et al., 2002) as well as cycling
(DasGupta and Fuchs, 1999; Enshell-Seijffers et al., 2010).
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Although current mouse models such as TOPGAL (DasGupta
and Fuchs, 1999), Axin2-LacZ (Lustig et al., 2002), ins-
TOPEGFP (Moriyama et al., 2007), and LEF-EGFP (Currier
et al., 2010) allow tracking of Wnt/b-catenin signaling, they
still fail to address the need for rapid quantification and ease
of use as they rely on cumbersome histological analyses.
A typical example is skin wound healing in which canonical
Wnt signaling has remained controversial.
Finally, macroscopic monitoring of adult mice over a period
of time using these systems is difficult. This is highly significant
given the importance of the macroenvironment in the activation
of HF stem cells or their immediate progenitors in the hair
germ(Plikus et al., 2008, 2011). However, to date, the waves
and domains defined by synchronously cycling HFs can only be
modeled mathematically and are not visible in existing reporter
animals(Plikus et al., 2011). Alternatively, they can also be
observed in genetically modified animals with cyclic alopecia
(Plikus and Chuong, 2008) that might differ from their wild-type
(WT) counterparts as the gene defects might affect hair cycling.
Here, we use an in vivo bioluminescent imaging approach
in tracking Wnt/b-catenin activity in the skin. This model
allowed us to follow hair cycle dynamics on whole animals
not only in physiological but also in pathological situations
in vivo, addressing very easily some of the important questions
in the field. It also permitted an unprecedented refinement of
macroscopic HF cycling patterns.
RESULTS
Generation of transgenic mice expressing luciferase in response
to activated b-catenin
HF development and cycling strongly depends on canonical
Wnt signaling (DasGupta and Fuchs, 1999). We therefore
generated the Flash mouse model reporting b-catenin activity
in live animals using the Topflash construct (DasGupta et al.,
2005; Supplementary Figure S1 online; Supplementary Text S1
online). Bioluminescence (BLI) signal was reliably and strongly
detected in the skin, as typically seen in hair cycle domains
and was significantlyhigher than the background signal or the
level seen in WT mice even after very short exposure times
(15–30 seconds). Upon dissection, no signal beyond WT level
was detected in organs other than the skin at both short and
long exposure times, although luciferase expression could be
detected at RNA levels, thus indicating that transgene activity
at high and detectable level is exclusive to the skin without
internal organ signal contamination (Supplementary Figure S2
online).
Reporter expression in neonatal mice during hair morphogenesis
and the first hair cycle
We next assessed Flash mice from birth to the end of the first
hair cycle when mouse HF are in synchronicity in a very well-
defined time frame. This represented an ideal situation to
correlate transgene reporter activity with known hair cycle
phases that were expected to have different b-catenin activity.
BLI was significantly higher in transgenic compared with WT
mice at P1, with the highest signal located around the
whiskers at this age (Figure 1a). b-catenin activity spread from
the upper to the lower back in rostro-caudal waves from the
dorsum toward the venter and extremities as was expected in
normal hair development in mice (Chase and Eaton, 1959;
Supplementary Figure S3 online). Total b-catenin activity–
related luminescence measured on whole-Flash animals
increased steadily from birth, peaking by postnatal day 9 by
413þ / 77 (SEM) fold compared with that in newborns
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Figure 1. Nuclear b-catenin activity in the skin was tracked in vivo via a luciferase reporter. (a) Bioluminescence (BLI) images were recorded in wild type (WT)
and transgenic mice (Tg) from birth to P44 representing the entry into the second telogen phase. At P1 and P4, Tg (top) and WT (bottom). (b) BLI was
plotted against time showing the difference in b-catenin activity during hair morphogenesis and the first hair cycle; log scale. (c) The first hair cycle started
later in female mice compared with the males; n¼ 4 male, n¼ 4 female; P¼0.031 P25, P¼ 0.002 P42. Bars¼ SEM.
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(Figure 1b). BLI signal returned to a basal level by P22–23
corresponding to the first telogen phase. Signal corresponding
to anagen initiation of the first hair cycle originated from the
ventral throat whorls around P25 and spread in a wave
dorsally and posteriorly. Luciferase signal returned to a basal
level again by P45 correlating with the second telogen phase,
which lasted for around 11–14 days. The first hair cycle started
later in female compared with that in male Flash mice as
suggested by significant differences in BLI levels at P25
(Figure 1c). On immunofluorescence, the number of cells
with nuclear b-catenin in the precortical area of the HFs
correlated with BLI intensity, suggesting the validity of reporter
activity (Supplementary Figure S4 online). In adult mice, after
6 weeks, hair cycling occurred in desynchronized waves on
the back skin. Of interest, b-catenin activity on tail skin also
followed the cycling observed during hair development and
the first cycle. However, no further cycling domains were
observed at adult age and propagating waves on back skin did
not result in increased BLI in the tail (Supplementary Figure S5
online).
Transgene activity robustly and quantitatively reflects HF cycle
phase
To further validate our model,transgenic mice were imaged at
high resolution through different stages of the hair cycle (1st
cycle as well as in adult mice). Back skin was divided into a
15-section grid, so that for each area histological examination
and BLI signal could be closely compared. BLI acquisitions
were standardized and total radiance was calculated for each
cell of the grid. After imaging, animals were immediately
euthanized and each grid cell was also assessed histologically
(Figure 2). The HF stage was evaluated on hematoxylin and
eosin-stained sections from each grid cell. The specific phases
of the HF cycle from competent telogen, early-to-late anagen,
catagen, and refractory telogen had specific and significantly
different BLI signal values (Figure 2), clearly indicating that the
quantitative changes in BLI reflected the changes in the HF
cycle. Of note, regarding entry into the anagen phase, in the
standardized acquisition setting used in our experiments, the
earliest signal that could be measured corresponded to an
anagen II phase. It was not possible to distinguish competent
telogen from anagen I, possibly reflecting the detection
sensitivity of the CCD camera. However, using immunofluor-
escence we were able to show luciferase expression in the
dermal papilla and the hair germ of areas in early anagen
(Supplementary Figure S6 online). The BLI signal increased in
Flash mice several days before the appearance of the pigmen-
tation that is currently used to indicate anagen. This was
further proof that this model could more reliably and accu-
rately determine HF cycle phases.
Macroscopic patterns of BLI signals reproduce known hair cycle
dynamics
A major goal of our study was the observation of macroscopic
patterns and domains of hair cycling. Having validated that
the level of BLI in our mouse model could reliably predict hair
cycle phases at the histological level, we next aimed to
retrieve already described HF wave patterns, which have
been reported to occur through macro-environment cues, and
the delicate balance between intrinsic and extrinsic activating
and inhibiting signals. These include border stability, refrac-
tory telogen, initiation events, and propagating waves (Plikus
and Chuong, 2008; Plikus et al., 2011). Initiation events are
pulses of activating signal that occur randomly during telogen
and can stochastically initiate an anagen domain. Using high-
resolution imaging, we were able to demonstrate initiation
events by detecting b-catenin activity in a very small group of
HFs in mouse back skin during the competent telogen phase
(Figure 3a). The BLI in this area further increased to generate
an anagen domain. High BLI signal domains corresponding to
anagen phase could then diffuse and form propagating anagen
waves (Figure 3b). In Figure 3c, two areas on the upper and
lower back were plucked to form a refractory telogen phase
during a natural anagen cycle, which subsequently spread
around the two plucked areas. The BLI signal in these two
areas was clearly reduced as compared with surrounding
anagen areas showing their inability to re-enter anagen.
Finally, border stability is usually reflected by sharp changes
of HF cycle phase between adjacent areas delineating a
domain. It can result from a refractory telogen state in which
high levels of inhibitory signals are present. This is demon-
strated in Figure 3d showing a natural anagen growth domain
on the center of the back, and 15 days later a new propagating
wave unable to spread into the refractive area. These findings
P26
EA
P27 P29
LA
P40
RT
C C RTLAM
AEA
EM
A
CT
/E
A
104
105
106
107
108
109
BL
I: 
p 
s–
1  
cm
–
2  
pe
r s
r
MA
EMA
EMACT
Figure 2. Hair follicle (HF) cycle phase is demonstrated via transgene activity. Mice were imaged at different stages in the hair cycle from competent
telogen/early anagen, P26 (a), to various stages of anagen, P27, P29 (b, c), and back to catagen and refractory telogen, P40 (d). After imaging, each grid skin section
was harvested and stained with hematoxylin and eosin. (e) Mean bioluminescence (BLI) for each grid was plotted against its corresponding hair cycle phase;
n¼ 6 mice 15 sections, Po0.01 between each hair stage represented except CT versus RT, ns. Bars¼ SEM. C, catagen; CT, competent telogen; EA, early anagen;
EMA, early-mid anagen; LA, late anagen; MA, mid anagen; RT, refractory telogen.
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confirmed our ability to follow not only HF cycling but also
HF patterns macroscopically.
Exploring canonical Wnt signaling in physiological and
pathological situations
We further used this model to explore hair cycle dynamics
microscopically and macroscopically upon hair plucking or
on Wnt3a injection, reflecting nondiffusible and diffusible
activating signals, respectively (Supplementary Text S1 online
and Supplementary Figure S7A–D online). An important
question in the field is the potential activity of pharmaco-
logical agents on hair cycle. Flash mice could reveal the
activating potential of cyclosporine A delivered systemically
(Supplementary Text S1 online and Supplementary Figure S7E
and F online).
Mathematical model of HF cycling dynamics
In the past few years, to better understand the potential
parameters regulating HF cycling, and also its macroscopic
patterns, mathematical models have been developed. From
large amounts of BLI data collected from Flash mice, we
sought to refine mathematical models through the addition of
a third component (number of cells) to parameters usually
used in similar models such as an activator (A) and an
inhibitor (I) (Plikus et al., 2011) providing a biologically
plausible mechanistic core model for HF cycling. Equations
regulating each variable and their evolution over time are
described in Supplementary Text S1 online and the spatial
patterns are modeled using a two-dimensional reaction-diffu-
sion system. The model reproduced the macroscopic patterns
of HF dynamics described above (Supplementary Figure S8
online, Supplementary Movies S1–3 online), highlighting the
importance of the interplay between cell population dynamics
and their molecular regulators.
Understanding HF cycling during pregnancy
We next set out to understand the influence of pregnancy on
HF cycling using Flash mice. In particular, to better under-
stand the differences between humans and mice, we asked
whether HFs in pregnant mice could enter anagen phase
spontaneously or after induction. We time-mated cohorts of 6-
week-old female Flash1 mice with the males. These animals at
the time of mating were in catagen phase of the first hair cycle.
Although anagen re-entry is not synchronized in all animals in
the second hair cycle, we suspected that most animals would
enter anagen spontaneously during the 3 weeks following
mating. We evaluated BLI levels for each mouse over time and
then compared pregnant with nonpregnant groups. Also
because anagen re-entry would not be synchronized, we
decided to study different areas of the backskin independently
according to a 34 grid. From the time of mating, seven
pregnant and nine nonpregnant mice were followed for 40
days. Most animals, entered anagen in a part of their back skin
between 12 and 18 days postmating (Figure 4a). BLI signal
from each grid cell was then compared between pregnant and
nonpregnant groups. This clearly indicated the rise of BLI
signal in nonpregnant groups at D15 and D18 (Figure 4b). Of
note, at each time point large portions of grid cells were still at
signal levels found in the telogen phase. Consequently, we
next sought to compare the surface area (as represented by
proportion of grid cells) on the back skin that was in anagen as
defined by a minimum signal intensity of 107 photons
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Figure 3. Transgene reporter activity reproduces known macroscopic hair cycle dynamics. (a) High-resolution imaging of Flash1 mice shows b-catenin activity in
a small group of hair follicles (HFs) followed by a spreading anagen wave. (b) Demonstration of a propagating anagen wave with high bioluminescence (BLI)
spreading rostro-caudally. (c) Two areas on the upper and the lower back were plucked to induce anagen and subsequently entered a refractory phase preventing
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propagation of anagen waves.
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per second cm2. This analysis also confirmed that anagen
entry and propagation were delayed in pregnant mice
(Figure 4c). Comparison of the peak BLI signal did not show
any difference between the two groups.When we synchro-
nized grid cells by considering their peak signal as the
reference point, it appeared that the duration of anagen was
not different in grid cells from pregnant versus nonpregnant
groups (Figure 4d). We also induced anagen in pregnant and
nonpregnant animals by plucking hair. BLI measurements on
the plucked areas did not change whether performed during
gestation, lactation, or in control animals (Figure 4e and f).
b-Catenin activity and HF cycling in wound healing
The level of Wnt signaling during skin wound healing has
remained controversial. We therefore evaluated the activity of
b-catenin in excisional and incisional wounds on the back
skin of Flash1 mice. From D2 to D7 after wounding we
observed no significant change in luminescence in the wound
area. Although the detection threshold of b-catenin activity
may be limited, this experiment clearly demonstrated that the
important cell proliferation and migration starting at D2 after
wounding in HFs is not associated with canonical Wnt
signaling. Two weeks after the wounds were made, a
significant increase in BLI could be observed in the skin
directly surrounding the wounds (8.5þ / 2.7106 at D16
compared with 3.3þ / 1.3104 photons per second at D0,
Po0.001) (Figure 5a and b). Interestingly, this signal further
propagated to adjacent domains in telogen phase and high-
lighted the diffusible nature of the activating signal (Figure 5c).
This activation of Wnt signaling at later time points more
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Figure 4. Pregnancy delays the entry into anagen phase. Six-week-old female Flash1 transgenic mice were time mated with males and followed for
bioluminescence (BLI). (a) Representative image of the difference in BLI at D18 between pregnant and nonpregnant mice. (b) Measurement of BLI on mouse
back skin divided into a 4 3 grid. Grid cells analyzed independently in pregnant (n¼ 7, blue dots) and nonpregnant (n¼ 9, black dots) mice. Each dot represents
an individual grid cell. Comparisons at D11, D15, and D18 clearly show that fewer grid cells remain in telogen with low BLI and that average BLI is significantly
increased in nonpregnant mice. (c) Grid cells were considered in anagen if the BLI signal was above 107 photons per second per cm 2. At each time point, the
percentage of grid cells in anagen was calculated for each mouse and compared between pregnant and nonpregnant animals. This demonstrated a delay in
entry or propagation of anagen during pregnancy. (d) The timing of the peak signal for each grid cell was identified and considered as the reference point P. Then
BLI for 3–12 days before or after the peak was considered. This allowed us to synchronize the BLI of each grid cell around the peak of anagen. Comparison of grid
cells from pregnant and nonpregnant mice shows that the peak and duration of b-catenin activity is not affected by gestation. (e, f) Pregnant (e) or lactating
(f) animals, and age- and sex-matched controls were plucked on a 1-cm2 area and followed using BLI. Signal did not differ between pregnant (n¼7) and
nonpregnant (n¼4), or lactating (n¼ 5) and non-lactating (n¼ 6) animals.
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clearly parallels the timing of hair regeneration in wounds (Ito
et al., 2007) as well as anagen initiation around HFs (Jiang
et al., 2010). We next attempted to capture the signal from
newly developed HFs in the center of large wounds (Ito et al.,
2007). Similar to our observations above, by D14 after wound-
ing the signal from anagen HFs surrounding the wound did not
allow us to distinguish signals from the wound center from the
small number of regenerated HFs.
DISCUSSION
Although many of the molecular and cellular events driving
individual HFs to cycle have been dissected, HF dynamics
and patterns at the level of the animal have seldom been
addressed. Similarly, many studies of genes or drugs that might
affect HFs use histology and pigmentation as a readout, which
are indirect and qualitative measures of the HF cycle (Table 1).
This has resulted in significant difficulty in addressing simple
phenotypic questions such as the effect of pregnancy on hair
cycling. To address this problem in the present study, we
developed a mouse model reporting b-catenin activity via BLI.
The BLI signal robustly and quantitatively predicted the phases
of the HF development and cycle in neonates and adults as
confirmed by histology. It also reproduced expected macro-
scopic patterns of propagation, refractory telogen, border
stability, and initiation events clearly indicating its accuracy
and potential in the study of HF cycle dynamics. This model
allowed an exploration of the interplay of several situations
such as wound healing, hair plucking, or pharmacological
intervention on HF cycling. Using this model, we were able to
show that pregnancy allows anagen re-entry despite a delay
and does not alter Wnt signaling and hair cycling profoundly.
Also, the murine model did not recapitulate increased anagen
as observed in human scalp during pregnancy.
An important strength of our model was the ability to
quantitatively track hair growth activity over time. b-catenin
activity during HF cycle was reproducible and precise with
minimal standard deviation, allowing us to precisely predict
hair cycle stages at any given time. As a result of mice being
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bred on a C57Bl6 background, we could clearly evaluate the
superiority of BLI over the pigmentation changes. BLI signal
appeared largely before the pigmentation and could be more
accurately quantified. b-catenin activity could be easily
detected as early as the beginning of anagen; however, the
ability to detect Wnt activity in the hair germ compartment or
dermal papilla at the very early stages of anagen is not clear
through BLI, despite the expression of luciferase as shown by
immunofluorescence. Similarly, b-catenin activity in other
internal organs was expectedly detectable through RT-PCR
but not by BLI (Grove et al., 1998; Korinek et al., 1998; Lee
et al., 2000; van Es et al., 2005; Moriyama et al., 2007). Our
data suggest that a significant number of Flash transgenic cells
with active b-catenin need to be grouped in order to be
detectable in live animals.
By using this model, we could simply and precisely address
the influence of pregnancy on HF cycling. Unlike previous
reports,our data indicated that anagen entry clearly occurs
during pregnancy, whether induced or spontaneous. In addi-
tion, the duration and intensity of the cycle was not affected
and there was no establishment of synchronicity as per
previous models. Previous data have been obtained using
either Msx2-deficient mice that had cyclic alopecia or rat
models (Plikus et al., 2008). These genetic or species
specificities could be at the origin of the observed
differences. Although, in all our experiments, mice were in
telogen during pregnancy, this did not seem to persist until the
postpartum period. The delay in anagen entry is, however,
consistent with these past observations and with the described
effects of estrogen and prolactin (Johnson, 1958; Craven et al.,
2006). Our data also differ from observations on human scalp
during pregnancy possibly reflecting interspecies, hair type
(terminal versus vellus), or cycling type (synchronous versus
asynchronous) differences.
In conclusion, we have generated a mouse model that
allows us to monitor Wnt/b-catenin signaling exclusive to skin
in live mice and track changes in its activity over time. The use
of this model allowed revisiting murine hair cycling during
gestation, highlighting its differences to observations in
humans. This mouse model may be used for quantitative
testing of HF modifiers and changes in hair regenerative
patterns. Further studies combining this model with geneti-
cally modified mice with affected HF phenotype will more
precisely clarify the molecular pathways affecting HF cycle
macroscopic patterning in situations such as gestation.
MATERIALS AND METHODS
Generation of transgenic reporter mice
The Topflash construct has been used and validated for many years
for this purpose and relies on stabilization of b-catenin and the
interaction with TCF/LEF-binding sites (DasGupta et al., 2005).
Transgenic mice were generated using pTOPflash consisting of a
minimal viral TATA box promoter and 16 repeating TCF/LEF-binding
sites driving expression of the firefly luciferase gene. pTOPflash was
digested with Kpn1 and Sal1 to excise unwanted sequences for
pronuclear injection into C57xCBA F1 hybrids according to protocol
at the University of Queensland’s Transgenic Animal Service.
Transgene integration was verified using PCR analysis of tail (F: 50-TA
AGGCTATGAAGAGATACGC-30, R: 50-CCATACTGTTGAGCAATT
CA-30) and transgene expression confirmed by BLI imaging.
Luminescence signal was reliably and strongly detected in the skin
of two out of seven transgenic founder mice, B6.CBA-
Tg(Topflash)3KK and B6.CBA-Tg(Topflash)7KK that for convenience
were named Flash1 and Flash2, respectively. All the results presented
here were obtained from Flash1 line and only validation experiments
were replicated with Flash2 mice.
BLI imaging
Mice were imaged using a Xenogen IVIS Spectrum live animal
imaging system to measure BLI and analysis was performed using
Living Image Software (PerkinElmer, Waltham, MA). To enhance
signal from the skin, hairs were removed before imaging by shaving
and Veet cream. Mice were injected with D-Luciferin firefly
(PerkinElmer) to a final concentration of 150 mg kg 1 10 minutes
before imaging. Standard images were taken using exposure time of
15 seconds, binning, f/stop 4.
Pregnancy experiments
Age-matched Flash1 female mice were used in timed matings at 6
weeks of age so that the natural anagen cycle would begin during the
Table 1. Advantages and disadvantages of different methods available to evaluate hair follicle cycling
Method of evaluation Advantages Disadvantages
Histology Gold standard
Precise in determination of hair cycle phase
Can be applied to any mouse strain
Requires the sacrifice of animals at different time points
Cannot follow same animal
Difficult to follow macroscopic patterns
Quantification is difficult and not reliable
Cumbersome
Pigmentation Allows to follow the same animal over time
Can be applied to all pigmented mouse strains
Relies on melanocyte response: indirect measure
Animals need to be shaved
Quantification is difficult and not reliable
Best at recognizing telogen-to-anagen transition
Flash mice bioluminescence Allows to follow the same animal over time
Highly reproducible
Quantitative measurements
No need for histology
Able to identify all phases of cycling
Animals need to be shaved, anesthetized, and imaged
Requires a bioluminescence imaging device
Specific strains to be evaluated need to be bred to Flash mice
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late stage of pregnancy. BLI was measured during the course of
gestation and lactation in pregnant mice and compared with mice
that did not become pregnant. For analysis, total back area was
divided into a grid of 3 4 and each section was defined to be in
anagen by a cut-off value of 1 107, or peak BLI in each grid over
time was used to synchronize anagen cycles in both pregnant (n¼ 7)
and non-pregnant(n¼ 9) groups.
Statistical analyses
Data were analyzed by using the unpaired, two-tailed Mann–Whitney
test for non-parametric variables. Differences at the 95% confidence
level (Po0.05) were considered to be significant.
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